The knowledge of the parameters of the solar neutrino oscillation model, provided by the SNO and Super-Kamiokande collaborations, allows us to obtain, on the basis of Wolfenstein's equation, a simple and clear analytical and numerical picture of the transformation of the neutrino state during its movement inside the Sun. We show that the picture obtained is not implicated in the characteristics of the neutrino state at the surface of the Sun and at the surface of the Earth. This circumstance with taking into account the volume distribution of solar neutrino sources indicates a contradiction between the consequences of the MSW mechanism with parameters from SNO and Super-Kamiokande and the results of all observed processes with solar neutrinos. * slad@theory.sinp.msu.ru
Introduction
The present work is devoted to a logically simple analysis of a number of aspects of the Mikheev-Smirnov-Wolfenstein (MSW) mechanism [1] , [2] that remained in the shadow, as well as to taking into account the volume distribution of neutrino sources in the Sun. This mechanism, according to the widespread opinion of the physical society, provides a solution to the solar neutrino problem based on transitions in matter of electron neutrinos in neutrinos of other types. In doing so, we avoid discussing the starting statements, reasoning and conclusions contained in any work related to the MSW mechanism. The need for such an analysis is due to several circumstances.
First, an elegant alternative solution to the solar neutrino problem based on the hypothesis of the existence of a new interaction has been appeared [3] . The carrier of this interaction is the postulated massless pseudoscalar boson, which has a Yukawa coupling with at least electron neutrinos and nucleons, but not with electrons. Collisions of neutrinos with nucleons of the Sun lead to almost equal fluxes of left-and right-handed electron neutrinos at the Earth's surface and to a decrease in the energy of these neutrinos. Having only one free parameter, this hypothesis gives a good agreement between the theoretical and experimental characteristics of all five observed processes with solar neutrinos.
Second, the results of experiments with solar neutrinos in the Sudbury Neutrino Observatory (SNO) [4] and in the Super-Kamiokande [5] are interpreted on the basis of the neutrino oscillation model with well-defined values of its parameters. This makes it possible to narrow the frame of arbitrariness in the MSW mechanism and carefully consider a number of essential details of the realization of this mechanism and give a new assessment of its capabilities. The numerical results obtained after analytical calculations give a simple and clear picture of the transformation of the state of a neutrino when it moves inside the Sun and indicate that this picture is not implicated in the characteristics of the neutrino state at the surface of the Sun and at the surface of the Earth.
All the starting points of the Mikheev-Smirnov-Wolfenstein mechanism concerning modifications of a neutrino as it moves in matter are fully formulated in the work of Wolfenstein [1] . In this paper, two hypothetical variants of neutrino oscillations are proposed. In one variant, a four-fermion interaction model with a neutral neutrino V-A current containing terms that change the type of neutrino is considered. In another variant, the neutral neutrino current is given by the standard model. Confining himself to two types of flavour neutrinos, ν e and ν µ , Wolfenstein assumes the existence of two more neutrinos ν 1 and ν 2 with different masses m 1 and m 2 (m 1 > m 2 ), whose states in vacuum are given by the relations
In their various interpretations of neutrino oscillations in matter [2] , Mikheev and Smirnov are based on all the initial points of Wolfenstein [1] with the exception of the variant with off-diagonal neutral neutrino currents. We also restrict ourselves to the second variant mentioned and give an analytical and numerical analysis of the consequences of the Wolfenstein equation related to solar neutrinos and presented in the following form (see [6] , Eq. (14.55))
where A e (t) (A µ (t)) is the probability amplitude that the neutrino state is electronic (muonic) at the time moment t, when the electron density is equal to N e (t) at the location of the neutrino; ∆m 2 = m 2 1 − m 2 2 ; E is the neutrino energy. We rely on a number of numerical results of the standard solar model (SSM) contained in the review [7] : on the dependence of the matter density of the Sun on the distance to its center, on the distribution of neutrino sources over the volume of the Sun, and on the boundary values of the energy of solar neutrinos. In our numerical analysis, we use the central values of the parameters of the two-neutrino model of solar neutrino oscillations presented in the latest article of the Super-Kamiokande collaboration [5] :
2. Neutrino at the surface of the Sun after the transformation of its state when moving inside the Sun
Adhering to the concept of the continuity of physical quantities, we attribute the Wolfenstein equation (3) to the entire time interval from the moment of the neutrino production in the Sun until his registration on the Earth, during which the electron density at a neutrinos location can be quite large or arbitrarily small and zero values. Denial of such continuity would be an unprecedented phenomenon in physics. Thus, the Mikheev-Smirnov-Wolfenstein mechanism must be attributed both to the movement of the neutrino inside the Sun and to its movement in vacuum outside the Sun, where it reduces to the standard oscillation model.
Suppose that, on a portion of the solar neutrino path that occurs in the time interval from t 0 to t, the electron density N e (t) can be considered, with sufficient accuracy, as constant: N e (t) = N e (t 0 ) ≡ N e . Then the equation (3) reduces to a linear homogeneous differential equation of the second degree with constant coefficients with respect to the probability amplitude A e (t).
We require that the solution for A e (t) and the value A µ (t) obtained from it satisfy the following initial conditions
i.e. the neutrino state is purely electronic at the time moment t 0 . The probability P e (t) corresponding to such a solution that the neutrino state is electronic at the time moment t is described by the formula
where
From the relation (7), it follows that the oscillation length of the electron neutrino is
Taking into account the formula (8), we find that this length as a function of the electron density N e has a maximum at the density
at that
At an extreme electron density (10), the probability P e (t) can take any value from the interval from 1 to 0. In other cases, the probability value P e (t) belongs to the interval from 1 up to a, 0 < a < 1.
From the relation (8), it follows that the oscillation length of an electron neutrino in a vacuum is given by the standard formula
We turn now to the numbers. We note first that the number of electrons per one nucleon of the Sun Y e increases with increasing distance to the center of the Sun by about 1.3 times [7] . For the sake of certainty, which does not affect our conclusions in any way, we assume that in all places of the Sun the value of Y e is the same and equal to Y e = 0.86, which corresponds to mass fractions of hydrogen and helium 0.74 and 0.25, respectively [8] . Then the relation between the electron density N e and the matter density of the Sun ρ is given by N e = 5.14 · 10 23 ρ g · cm −3 cm −3 .
It follows from here that the maximum value of N e corresponding to the maximum value of the matter density in the center of the Sun ρ = 148 g · cm −3 is (N e ) max = 7.61 · 10 25 cm −3 .
From the relations (4), (5), (10) , and (14), we obtain that
i.e. for solar neutrinos with energies of E < 0.827 MeV, including all neutrinos from p − p interactions, the oscillation length of their states has no extreme. It monotonically decreases with a decrease in the matter density of the Sun at the neutrino location. From here and from the formulas (4), (5), (8), (9) , (12) , and (14), we obtain that at a neutrino energy E = 0.233 MeV, which is the threshold for the transitions ν e + 71 Ga → e − + 71 Ge, the length of the probability oscillations P e (t) belongs to the interval from 12.0 km to 12.4 km, i.e. from 0.0000172R 0 to 0.0000178R 0 , where R 0 is the radius of the Sun, R 0 = 696, 000 km. At a neutrino energy of E = 0.827 MeV, the extreme electron density in the Sun coincides with the maximum possible, and the length of the probability oscillations P e (t) lies in the interval from 42.6 to 45.3 km, i.e. from 0.0000612R 0 to 0.0000651R 0 .
Let us now consider the energy range of solar neutrinos from 0.827 MeV to the maximum possible 18.8 MeV corresponding to neutrinos from hep. For a fixed value of energy from this interval, the length of the probability oscillations P e (t) has a maximum value at the matter density of the Sun corresponding to the extreme electron density in the Sun (10) . As the neutrino energy increases from 0.827 to 18.8 MeV, the extreme density of matter decreases from 148 to 6.51 g/cm 3 . The length of the probability oscillations P e (t) takes a minimum value at one of the boundaries of the matter density range [0, 148] g/cm 3 . At the neutrino energy E = 18.8 MeV, the oscillation length of the probability P e (t) lies in the interval from 134 km to 1028 km, i.e. from 0.000193R 0 to 0.00148R 0 , at that it is equal L(0) = 968 km at the exit from the Sun.
Using the dependence of the matter density of the Sun on the distance to its center, presented in [7] , we are convinced that over the maximum period of oscillations of the neutrino state in the Sun corresponding to the oscillation length 0.00148R 0 , the change in the matter density on a portion of the solar neutrino path is very extremely small: ∆ρ = 1.7 · 10 −3 ρ. Consequently, the accepted condition about the constancy of the electron density on a portion of the neutrino path over any admissible period of oscillations is quite justified.
At the time moment t 1 = t 0 + L(N e )/c, as it follows from the formulas (7) and (9), the equality P (t 1 ) = 1 is right, i.e. the neutrino state, which at the time moment t 0 in some place of the Sun was purely electronic, becomes at the time moment t 1 in the corresponding new place of the Sun again purely electronic. Therefore, we can again turn to the Wolfenstein equation (3) to describe the transformation of the state of the solar neutrino, starting from the time moment t 1 , for what it is enough to replace the time moment t 0 in the previous formulas with t 1 . At that, it is extremely important to note that this stage of the description of the neutrino motion with the energy and the momentum direction remaining unchanged is completely characterized by the location of the neutrino at the time moment t 1 and by the electron density at this place N (t 1 ). It does not carry any information about the location of the neutrino at the time moment t 0 and about the corresponding electron density N (t 0 ), as well as about the transformation of the neutrino state during the time interval from t 0 to t 1 .
We can step by step move on to new time moments t n of completing the next oscillations of the solar neutrino state and restoring of this state as purely electronic, when P (t n ) = 1, until the neutrino at the time moment t n S approaches the surface of the Sun at a distance shorter than the oscillation length L(0) (12) corresponding to the neutrino energy E. At that, the description of the neutrino state transformation after this time moment, based on the Wolfenstein equation (3), is neither based on the neutrinos production place, nor on the trajectory of its motion, nor on the nature of the change in the oscillation length along this trajectory. After the time moment t n S , the transformation of the state of the solar neutrino on the way to the Earth is described by the standard model of oscillations in vacuum. The probability that the solar neutrino is electronic at the time moment of reaching the experimental setup on Earth t E is given, as follows from the formulas (7 and (8) , by the next relation P e (t E ) = 1 2 (1 + cos 2 2θ) + 1 2 (1 − cos 2 2θ) cos(∆m 2 /2E)(t E − t n S ). (16) 3. Volume distribution of solar neutrino sources and averaging over the neutrino states at the Earth According to the standard solar model, each neutrino source s has a enough wide spherically symmetric distribution over the solar volume [7] . So, for neutrinos from the decays of 8 B, the distribution maximum is at a distance 0.045R 0 = 31, 000 km to the center of the Sun, and its width at half amplitude is 0.053R 0 = 37, 000 km. For neutrinos from p − p collisions, the values of the corresponding quantities are 0.103R 0 = 72, 000 km and 0.11R 0 = 77, 000 km.
This fact, of course, is known to many proponents of the neutrino oscillation concept. It, for example, is mentioned in [2] . However, in a periodically updated review of this concept [6] , it does not find its reflection.
The presented individual numerical characteristics of the distribution of neutrino sources indicate that almost parallel neutrino fluxes generated in different places of the Sun and falling into the experimental setup on Earth can differ in the length of their trajectories both inside the Sun and in vacuum by tens and hundreds of thousands of kilometers. Since the maximum length of the oscillations inside the Sun and in the vacuum (at E = 18.8 MeV) is approximately 1000 km, the difference in the numbers of neutrino oscillations at the various mentioned trajectories can be several tens or hundreds. The difference in the neutrino trajectories leads to the fact that the cosine values in the formula (16) cover the entire interval from -1 to 1. The electron neutrino flux at the Earths surface, generated by the source s, Φ e (s), is found by summing over the neutrino fluxes of all sorts along various trajectories extending from elementary volumes inside the Sun to the experimental setup, dΦ(s), which are multiplied by the corresponding probabilities Φ e (s) = P e (t E )dΦ(s) = P e (t E ) dΦ(s) = P e (t E )Φ(s),
where Φ(s) is the neutrino flux from the source s given by the SSM. As the average probability value P e (t E ), we take the result of averaging the formula (16) over the cosine argument in the range from 0 to 2π. As a result, we obtain the well-known expression for the probability P ee of the survival of solar electron neutrinos at the Earth's surface
which, taking into account the relation (5), gives P ee = 0.555. The probability P ee (18) contradicts the fact that the experimental values of the rates of all observed processes with solar neutrinos are less than half the rates calculated in the framework of the SSM. Therefore, three entities, including (1) the concept of solar neutrino oscillations, realized on the basis of the Mikheev-Smirnov-Wolfenstein mechanism in the twoneutrino variant, (2) the parameters given in the work of the SNO and Super-Kamiokande collaborations [4] , [5] , and (3) the rates of the observed processes with solar neutrinos form a contradictory combination.
The three-neutrino variant of solar neutrino oscillations, which consists in adding oscillations with a short length and small amplitude, as in the interpretation of a number of experiments with antineutrinos from nearby reactors (see, for example, [9] ), does not change the above conclusion. All our considerations remain valid if we change the value of ∆m 2 in equality (4) by an order of magnitude, and the value of sin 2 θ in equality (5) twice.
Concluding remarks
We noted earlier [10] that the concept of particle oscillations, which is based on doubling the number of total fields of the same type (neutral K mesons, neutrinos, etc.) compared to their original number, contradicts Weinbergs prescriptions, which implemented in constructing the model of electroweak interaction and provide the same amount of initial and final calibration fields. Doubling the number of particles of the same type leads to logical chaos.
In the confrontation between the results of experiments with solar neutrinos and the consequences of the Mikheev-Smirnov-Wolfenstein mechanism with oscillation parameters from SNO and Super-Kamiokande, the experimental results have a huge advantage. This is facilitated, in particular, by the fact that the close characteristics of a number of processes with solar neutrinos were obtained either by two collaborations, as in the research of the transitions 71 Ga → 71 Ge [11] and [12] , and in the study of the elastic scattering of solar neutrinos by electrons [4] and [5] , or on the basis of three essentially different methods of registrating events, as when observing the deuteron disintegration by charged and neutral solar neutrino currents, ν e + D → e − + p + p ν e + D → ν e + n + p, respectively, [4] , [13] , and [14] .
The way out of this confrontation is given by the hypothesis of the existence of a new, rather hidden, interaction, whose results are in harmony with the results of all experiments with solar neutrinos [3] .
At the same time, the conclusions of the present paper are, along with our arguments in [15] , one more argument about the existence of omissions in the setup of the experiment with reactor antineutrinos in KamLAND, which is one of a kind. The discrepancy between the expected and observed results for inverse beta-decay events is interpreted by the KamLAND collaboration as evidence of electron neutrino oscillations with parameters ∆m 2 = 7.53 · 10 −5 eV 2 and sin 2 θ = 0.304 [16] . Such oscillation parameters would necessarily lead to the probability P ee of the survival of solar electron neutrinos at the Earth's surface, given by equality (18) and the number 0.577, which contradicts the results of all experiments with solar neutrinos.
